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Description 

The invention relates to a method by which it is also 
possible to record a multichannel sound on a CD (Com- 
pact Disc) on which a two-channel stereo sound and the 
control data required by the coder ot the reproducing 
equipment are recorded in a known manner. The inven- 
tion also relates to a disc on which a multichannel sound 
has been recorded in accordance with the invention. 

Multichannel sound has currently become common 
as the sound in motion pictures, because it provides a 
listening enjoyment greater than does the two-channel 
stereo sound. However, the completed sound record- 
ings on CDs currently available for consumers to pur- 
chase are conventional stereophonic recordings. It is to 
be expected that the requirement for multichannel 
sound reproduction from CDs will become more com- 
mon in the future. In that case, of course, the first prob- 
lem to be solved is how a multichannel sound can be 
recorded on a CD. The recording should be such that it 
could also be listened to as a conventional stereo signal 
by using present-day reproducing equipment. Ques- 
tions pertaining to the transmission and reception of 
multichannel sound have also been discussed in the ar- 
ea of television systems. For example, the bandwidth of 
the audio channel in a digital NICAM system does not 
as such suffice for the transmission of a multichannel 
sound signal, and so a multichannel, e.g. four-channel, 
sound must be coded in some manner so that it will be 
suitable for transmission on the transmission path of a 
two-channel stereo signal. Furthermore, the coding 
must be done so that the received multichannel sound 
signal can as such be listened to as a two-channel ster- 
eo signal by using present-day receivers. The problem 
concerning television systems has been solved in Finn- 
ish patent application EP-A-0 540 330 filed simultane- 
ously with the present application, the applicant being 
Salon Televisiotehdas Oy. Therein, a method is de- 
scribed by which a multichannel sound can be coded to 
render it suitable for transmission on a channel intended 
for the transmission of a two-channel sound. The coding 
method presented in conference publication Proc. 
ICASSP 90, Alberquerque, New Mexico, April 3-6, 
1990, pp. 1097-1100, W.R.Th. ten Kate, LM. van de 
Kerkhof and F.F.M. Zijderveld: Digital Audio Carrying 
Extra Information is used in the said application. The 
coding method has been developed by Philips. 

The coding method utilizes a factor characteristic of 
human hearing, i.e. the masking effect. The masking ef- 
fect means that to any audio signal it is possible to add 
another, weaker signal which is not at all audible to the 
ear owing to the masking effect. The masking effect is 
a psychoacoustic effect in which the auditory threshold 
shifts upwards when there are sounds lower than others 
present. The masking effect works best with sounds the 
spectral components of which are close to the compo- 
nents of the masking sound. Frequency masking weak- 
ens faster when a shift is made to lower sounds. This 



also applies on the time scale: the masking effect is 
greatest with sounds which are simultaneous. The ex- 
istence of the masking effect can be exploited by adding 
to an audio signal signals which are below the auditory 

s threshold. In principle this is done by sampling the audio 
signal and by substituting other information for those bits 
which are not audible to the human ear. The information 
is thus substituted for the less significant bits of the dig- 
ital-form sample. When such a signal is reproduced, the 

10 human ear will not at all hear the added signal, for the 
actual signal intended for hearing will mask it. The mask- 
ing capacity of the human ear thus determines how 
many less significant bits can be substituted without the 
substitution being yet audible. 

1$ In the above-mentioned patent application EP-A- 0 
540 330, the information produced by the coder of the 
prior known Philips system is exploited. Such informa- 
tion includes information regarding the data mode, in- 
formation relating to quantization, and information relat- 

20 ing to dematrization. According to the invention dis- 
closed in the said application, this information is trans- 
mitted to the receiver on a separate side channel, simul- 
taneously with the audio signals; controlled by the side- 
channel information the receiver will be capable of 

25 processing the stereo signal it receives and of convert- 
ing the signal, for example, into a four-channel stereo 
signal. Briefly, part of the information of the multichannel 
sound is hidden in the sound of the left and right stereo 
channels by taking advantage of the masking effect of 

30 the human ear. The rest of the multichannel sound is 
transmitted on the separate side channel on which the 
information for decoding is transmitted. The decoder of 
the receiver thus functions under the control of the coder 
of the transmitter, as a slave decoder, and decodes the 

35 sound back into a multichannel sound. Without mul- 
tichannel sound decoding it is, however, possible to re- 
ceive the sound transmitted on the stereo channel and, 
owing to the masking effect, to reproduce it as a normal 
stereo sound without the listener hearing the hidden 

40 sound. The coder described in the EP application, which 
may for its essential parts be similar to the Philips coder 
described in the said conference publication Proc. 
ICASSP 90, combines the incoming multichannel audio 
signal to form a combined stereo signal and, by making 

45 use of the masking effect, hides a data signal in the 
formed two-channel stereo signal. Information regard- 
ing the data mode, quantization and matrization is ob- 
tained from the coder. The quantization information in- 
dicates the quantization steps and number of bits of the 

so masking signal and of the signal to be masked (hidden), 
as well as the masking threshold which has been calcu- 
lated for the audio signal by time intervals. The matriza- 
tion information indicates how the original multichannel 
audio signal was down mixed. Briefly, all the information 

55 by means of which the decoding can be carried out can 
be obtained from the coder. The combined stereo signal 
obtained from the coder, in which data have been "hid- 
den", is adapted to the audio channel used, for example 
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the NICAM format, for transmission on the radio path. 
The above-listed information, necessary for decoding, 
is transmitted simultaneously on a separate low-speed 
digital channel. If the data to be hidden in the audio 
channel do not at a given point of time fit in the audio 
channel - the masking capacity of the audio signal is not 
sufficient - these data can be transmitted on the said 
separate data channel; the information transmitted on 
this channel can be called side information since it is 
transmitted on the side of the actual audio channel. 

In the receiver the decoder receives the signal of 
the audio channel and the side information of the data 
channel, and controlled by the decoding information 
transmitted in the latter, it will be able to decode the sig- 
nal of the audio channel and to extract the data hidden 
in it. Controlled by the matrization information it will fur- 
ther be able to form, for example, a multichannel audio 
signal. The data channel used for the transmission of 
the side information may be slow, and the data transmit- 
ted on it can be easily compressed and protected. The 
method is especially suitable for being used for trans- 
mitting a multichannel sound (surround sound) in a high- 
definition television system. 

It was mentioned at the beginning of this specifica- 
tion that the CDs currently on sale have two-channel 
stereo sound. The problem how a multichannel sound 
can be recorded on a CD can be solved by using the 
principle of the said EP application. Thus, when repro- 
duced by present-day equipment, the recording will 
sound quite like a conventional two-channel stereo 
sound, but when the reproducing equipment is provided 
with a special decoder, the recording can be reproduced 
as the original multichannel sound, so-called surround 
sound. 

Patent number DE 4 033 993 discloses a digital in- 
formation signal recording medium and its player. 
Sound field control information is included in a subcode 
signal on a recording medium. The subcode is decoded 
to control the sound field. 

European patent application number 0 372 601 dis- 
closes a coder for incorporating extra information in a 
digital audio signal. The coder incorporates extra infor- 
mation in the form of an auxiliary signal in a digital audio 
signal. It determines the amount of extra information that 
can be added without the extra information being audi- 
ble with unmodified detection. 

This recording is made according to the method of 
Claim 1 resulting in a Compact Disc as defined in claim 
5. 

The invention is based on the realization that since, 
as is known, also data information necessary for decod- 
ing is always recorded on a CD in addition to the stereo 
sound, the data required by the reproduction of a mul- 
tichannel signal can be included among this data infor- 
mation. This is possible, since the space reserved on a 
CD for data information already has reservation for the 
recording of extra data by providing redundant data ca- 
pacity for this purpose. More precisely, this means that 
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the side-channel information defined in patent applica- 
tion EP-A-0 540 330 is recorded in the redundant data 
capacity in the data blocks of the CD, and sound of the 
other channels is hidden on the two audio channels of 
s the disc by exploiting the masking effect. When the 
sound is being reproduced as a multichannel sound, the 
recording is dematrized by making use of the side-chan- 
nel information and the sound information hidden in the 
two audio channels. The side-channel information can- 
10 not be used with conventional CD decoders, and so the 
reproduced sound will be a two-channel stereo sound 
which, owing to the masking effect, will sound like the 
original one in spite of the sound hidden in it. On the 
other hand, when a coder controlled by the side-channel 
information is used, a multichannel sound will be ob- 
tained. 

The invention is described with reference to the ac- 
companying figures, in which 

Figure 1 depicts the structure of one data frame of 
a CD, 

Figure 2 depicts the general principle of coding a 
multichannel sound and of hiding it in the stereo 
channel, and 

Figure 3 depicts the decoding of a multichannel 
sound recorded on a CD. 

The information on a CD is made up of successive 
data frames such as shown in Figure 1 . Each frame in- 
cludes 33 symbols (bytes), which are preceded by a pre- 
amble, and one symbol comprises 8 data bits. The first 
symbol of the frame is used for the subcode, and 24 of 
the remaining 32 bytes represent audio samples and 
eight bytes are used for error correction purposes to cor- 
rect burst errors and random errors. The subcode as a 
whole is rather extensive, and only part of it is contained 
in one frame. The entire subcode is placed in 98 suc- 
cessive frames. Relative to the audio signal the subcode 
is essentially an auxiliary data stream which has been 
placed among the audio samples. Its function is, among 
other things, to assist in finding the starting points of the 
different musical pieces on the disc, in locating them on 
the disc, in cataloging the durations of the pieces, and 
in the cumulative time counting of the disc. Furthermore, 
it conveys information on the pre-emphasis used in the 
recording so that the disc player can automatically se- 
lect the correct method of de-emphasis. The format of 
the subcode is standardized. The reproducing equip- 
ment will find it on the disc so that each frame begins 
with a synchronization pattern. The disc player recog- 
nizes the pattern and uses it for incrementing the frame 
counter. The different subcodes are distinguished so 
that there is a synchronization pattern also in the sub- 
code area, in which case two successive synchroniza- 
tion patterns separate the different subcode blocks from 
each other. Since the subcodes can be thus recognized, 
they can be extracted from the frames so that the audio 
samples are directed to their own audio sample 
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processing branch. It was stated above that the subcode 
is placed in 98 frames. The disc player extracts the sub- 
codes and stores them in the RAM memory. When 96 
eight-bit subcodes have been extracted, the processor 
of the player will take this as eight 96-bit code words. 
Thus each block of 98 frames has 8 such code words, 
but at present only one of these 96-bit words has signif- 
icance, i.e. it is in use, and the rest of the seven code 
words which fit in the storing capacity of the block are 
reserved for future use. Thus the free capacity for stor- 
ing the side information according to the invention 
amounts to seven 96-bit words every 13.3rd millisec- 
ond, i.e. 50526 bits/second. This capacity is usable for 
storing the side-channel information. 

According to the invention, in the frames other than 
the bytes of the audio samples there is placed side- 
channel information which, in addition to any audio sam- 
ples, contains all the information required for controlling 
the decoder of the reproducing equipment. These bytes, 
in which the side-channel information is recorded, con- 
stitute, in accordance with what is stated above, the free 
capacity of the subcode, i.e. 7 words of 96 bits per each 
block of 98 frames. The recording speed is, if the entire 
free capacity were used, 50.526 kbit/s. Any other mul- 
tichannel information is hidden in the audio samples 
themselves. 

When multichannel material is being recorded on a 
CD, the procedure is in accordance with Figure 2, as 
follows: The multichannel sound is converted in one way 
or another into a bit stream by means of the multichannel 
sound coder. The coder may function according to any 
prior known method, for example NICAM, MUSICAM, 
PCM. Let us assume, for example, as follows: 
The original music recording is in existence in two forms, 
i.e. as a stereo sound L, R and as a multichannel sound 
A1 , A2, A3... An. The producer of the performance has, 
of course, in some manner made the stereo sound from 
the multichannel sound. The multichannel sounds A1 ... 
An are thus coded as a bit stream in accordance with 
Figure 2, in the multichannel sound coder 1. The data 
of this bit stream are hidden in the stereo sound in a 
known manner in block 2. A new stereo pair L', R' is ob- 
tained. In the manner described in application Fl- 
915114, also a side channel is formed the information 
of which contains the necessary data relating to the de- 
coding of the multichannel sound, i.e. the decoder con- 
trol data. That portion of the decoder bit stream which 
cannot be hidden in the stereo pair L, R is also transmit- 
ted on the side channel. 

When a multichannel sound is being recorded on a 
CD, each channel L' and R' containing hidden informa- 
tion is recorded on its own audio channel. The control 
channel information is recorded in the place of the free 
subcode words of the user data on the disc. In recording 
on the disc, already existing equipment can thus mostly 
be used. 

When the CD is being played on a player, the pro- 
cedure is in accordance with Figure 3. As at present, the 



subcode data and the audio-channel data are read from 
the disc. If present-day players are used for reproducing 
the sound, stereo channels L' and R* are obtained for 
reproduction. Owing to the masking effect they will 
s sound to the listener quite the same as the original ster- 
eo channels L and R. When the player is equipped with 
an auxiliary device for decoding the multichannel sound, 
the audio signals L' and R 1 and the side-channel infor- 
mation read from the subcode data are led to the de- 
masking block 3, where the information hidden in the 
audio signals L', R 1 is extracted from them. The data ex- 
traction is carried out under the control of the side-chan- 
nel information read from the subcode data. Thus a bit 
stream is obtained which is the same as the bit stream 
coming from the coder of Figure 2. This bit stream is 
applied to the multichannel sound decoder 4 which, ac- 
cording to the control data contained in the bit stream, 
will decode the original multichannel audio signal. The 
decoder is thus, for example, a NICAM, MUSICAM or 
PCM decoder, depending on the coder used. 

If the multichannel sound data hidden in the signal 
of the right channel R and the left channel L are not re- 
moved, the signal is not quite the same as in the original, 
but owing to the masking effect, the listener will not no- 
tice any difference. Since the format of a multichannel 
sound may be made identical to the format of the audio 
signal to be recorded on the CD and, by a suitable ar- 
rangement, identical to the format of the data to be re- 
corded on the CD, a CD recording made by the method 
of the invention can be used for reproducing a two-chan- 
nel audio signal with conventional players or for repro- 
ducing a multichannel stereo signal (surround sound) 
when using in the player a decoder equipped with suit- 
able additional circuits. 

The CD according to the invention has many advan- 
tages. It is completely compatible with existing CD 
equipment. The disc can be manufactured and it can be 
played using current equipment, without any additional 
auxiliary devices. If the coding/decoding method utiliz- 
ing the side channel presented by the applicant is used 
in a HDTV television system, the CD recording will be 
compatible with the HDTV audio material at the bit level. 



Claims 

1. A method for storing a multichannel (A1, A2...An) 
audio signal on a compact disc, wherein the infor- 
mation in digital form is made up of the audio sam- 
ples of the left channel and the right channel and of 
the user data which the reproducing equipment will 
need for arranging the audio samples into a stereo 
signal, and in which method the multichannel audio 
signal (A1 , A2...An) is coded so that a bit stream is 
obtained, a first audio signal (L) and a second audio 
signal (R) are formed from the multichannel audio 
signal, there being calculated for each of them a 
masking threshold below which sounds are not au- 
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and for reconstructing the original multichannel 
audio signal are incorporated into the user data 
subcoding. 

5 6. A compact disc according to Claim 5, character- 
ized in that the user data subcoding also includes 
that portion of the bit stream which it has not been 
possible to place below the masking threshold of 
the audio samples of the first channel (L) and the 

w second channel (R). 



Patentanspruche 

is 1. Verfahren zum Speichem eines mehrkanaligen 
(A1 , A2 ... An) Audiosignals auf einer CD, wobei die 
Information in digitaler Form aus Schallabtastun- 
gen des linken Kanals und des rechten Kanals so- 
wie aus Benutzerdaten, die die Wiedergabeeinrich- 

20 tung benotigt, um Schallabtastungen zu einem Ste- 
reos ignal zu arrangieren, besteht, wobei das mehr- 
kanalige Schallsignal (A1, A2 ... An) so kodiert ist, 
daft man eine Bitfolge erhalt, aus dem mehrkanali- 
gen Audiosignat ein erstes Audiosignal (L) und ein 

25 zweites Audiosignal (R) gebildet werden, wobei fur 
jeden ein Maskierungsschwellenwert berechnet 
wird, unterhalb dessen Schallefurdas menschliche 
Ohr nicht horbar sind, wobei die Bits der Bitfolge 
anstelle derjenigen Bits des ersten und zweiten Au- 

30 diosignals gesetzt werden, die unterhalb des Mas- 
kierungsschwellenwerts bleiben, wodurch man ein 
umgewandeltes erstes Audiosignal (!_') und ein um- 
gewandeltes zweites Audiosignal (R 1 ) erhatt, 
dadurch gekennzeichnet, da 6 

35 

alle zum Herausziehen der Bits der Bitfolge aus 
dem ersten und dem zweiten Audiosignal be- 
not igten Steuerungsdaten gesammelt werden, 
das umgewandelte erste Audiosignal (U) und 

40 das umgewandelte zweite Audiosignal (R') als 

Schallabtastungen des linken Kanals und des 
rechten Kanals der CD gespeichert werden, 
die gesammelten Steuerungsdaten als Teil der 
Benutzerdaten der CD in ihren Untercodewor- 

45 ten gespeichert werden. 



dible to the human ear, and the bits of the said bit 
stream are substituted for those bits in the first and 
second audiosignals which remain below the mask- 
ing threshold, whereby a converted first audio sig- 
nal (L 1 ) and a converted second audio signal (R 1 ) 
are obtained, 
characterized in that 

all the control data required for extracting the 
bits of the said bit stream from the first and sec- 
ond audio signals are collected, 
the converted first audio signal (L 1 ) and the con- 
verted second audio signal (R') are stored as 
the audio samples of the left channel and the 
right channel of the CD, 
the collected control data are stored as part of 
the user data of the CD, in its subcode words. 

2. A method according to Claim 1 , characterized in 
that also that part of the bit stream which cannot be 
combined with the first and the second audio sig- 
nals is combined with the control data. 

3. A method according to Claim 2, characterized in 
that the format of the multichannel audio signal is 
3/2, which means that it has a left channel (L), a 
right channel (R) and a center channel (C), as well 
as two surround channels (SR, SL) on the sides. 

4. A method according to Claims 1 and 3, character- 
ized in that the first audio signal contains the left 
channel (L) information and the second audio signal 
contains the right channel (R) information. 

5. A compact disc the digital -form information on 
which is made up of audio samples of the left chan- 
nel and the right channel and of user data required 
by the reproducing equipment for arranging the au- 
dio samples into an audio signal, characterized in 
that 

the audio samples of the first channel (L 1 ) are 
made up of the first-channel (L) samples of a 
stereo sound formed from a multichannel audio 
signal (A1, A2...An), in which samples those 
bits which are below the masking threshold 
have been substituted by bits of a multichannel 
audio signal coded into a bit stream 
the audio samples of the second channel (R') 
are made up of the second-channel (R) sam- 
ples of a stereo sound formed from a multichan- 
nel audio signal (A1, A2... An), in which samples 
those bits which are below the masking thresh- 
old have been substituted by bits of the mul- 
tichannel audio signal coded into a bit stream, 
all the control data required for extracting the 
bits of the bit stream from the audio samples of 
the first and the second channels (L 1 and R') 



2. Verfahren nach Anspruch 1 , dadurch gekennzeich- 
net, daB auch ein Teil der Bitfolge, der nicht mit dem 
ersten und dem zweiten Audiosignal kombiniert 

so werden kann, mit den Steuerungsdaten kombiniert 
wird. 

3. Verfahren nach Anspruch 2, dadurch gekennzeich- 
net, daB das Format des mehrkanaligen Audiosi- 

55 gnals 3/2 ist, was bedeutet, daB es einen linken Ka- 
nal (L) hat, einen rechten Kanal (R) und einen Mit- 
tenkanal (C), auBerdem zwei Umgebungskanale 
(SR, SL) auf den Seiten. 



55 



5 



9 



EP 0 540 329 B1 



10 



4. Verfahren nach den Anspruchen 1 Oder 3, dadurch 
gekennzeichnet, daG das erste Audiosignal die In- 
formation des linken Kanals (L) enthalt und das 
zweite Audiosignal die Information des rechten Ka- 
nals (R). 

5. Kompaktdisk, deren digital vorliegende Information 
aus Schallabtastungen des I in ken Kanals und des 
rechten Kanals sowie aus Benutzerdaten besteht, 
die die Wiedergabeeinrichtung zum Anordnen der 
Schallabtastungen zu einem Audiosignal bendtigt, 
dadurch gekennzeichnet, daG 

die Schallabtastungen des ersten Kanals (U) 
aus Abtastungen des ersten Kanals (L) eines 
Stereoschalls bestehen, der aus einem mehr- 
kanaligen Audiosignal (A1, A2 ... An) gebildet 
wird, wobei bei den Abtastwerten diejenigen 
Bits, die unter dem Maskierungsschwellenwert 
liegen, durch Bits eines mehrkanaligen Audio- 
signals ersetzt wurden, das in eine Bitfolge ko- 
diert wurde, 

die Schallabtastungen des zweiten Kanals (R 1 ) 
aus Abtastungen des zweiten Kanals (R) eines 
Stereoschalls bestehen, der aus einem mehr- 
kanaligen Audiosignal (A1, A2... An) gebildet 
wird, wobei bei den Abtastwerten diejenigen 
Bits, die unter dem Maskierungsschwellenwert 
liegen, durch Bits des mehrkanaligen Audiosi- 
gnals ersetzt wurden, das in eine Bitfolge ko- 
diert wurde, 

alle die zum Entnehmen der Bits der Bitfolge 
aus den Schallabtastungen des ersten und des 
zweiten Kanals (U und (R 1 ) und zum Rekonstru- 
ieren des ursp rung lichen mehrkanaligen Au- 
diosignals notwendigen Steuerungsdaten in 
der Unterkodierung der Benutzerdaten enthal- 
ten sind. 

6. Kompaktdisk nach Anspruch 5, dadurch gekenn- 
zeichnet, daG die Benutzerdatenunterkodierung 
auch denjenigen Teil der Bitfolge enthalt, der nicht 
unter den Maskierungsschwellenwert der Schallab- 
tastungen des ersten Kanals (L) und des zweiten 
Kanals (R) gesetzt werden konnte. 



Revendlcatlons 

1. Proctdt pour enregistrer un signal a plusieurs ca- 
naux (A-,, A 2 ,...A n ) sur un disque compact, dans le- 
quel I 1 information sous forme digitate est constitute 
des Echantillons audio du canal de gauche et du 
canal de droite et des donnees de I'utilisateur, dont 
I'equipement de reproduction aura besoin pour con- 
verts les echantillons audio en un signal stereo, et 
procEdt dans lequel on code le signal audio a plu- 
sieurs canaux (A 1t A 2 , ...A n ) de telle sorte que Con 



obtient un courant de bit, qu'un premier signal audio 
(L) et un second signal audio (R) sont forrnEs a par- 
tir du signal audio a plusieurs canaux, un seuil de 
masquage etant calcule pour chacun d'eux a ce ni- 

s veau en dessous duquel les sons ne sont pas audi- 
bles par I'oreille humaine, et les bits dudit courant 
de bit sont substitues pour ces bits dans le premier 
et second signal audio qui restent en dessous du 
seuil de masquage, par lesquels on obtient un pre- 

10 mier signal audio convert! (L') et un second signal 
audio convert) (R 1 ), 
caractErisE en ce que 

toutes les donnees de controle nEcessaires 
is pour extraire les bits dudit courant de bit a partir 

du premier et second signal audio sont collec- 
tees, 

le premier signal audio converti (L 1 ) et le second 
signal audio converti (R p ) sont stockes comme 
20 Echantillons audio du canal gauche et du canal 

droit du CD, 

les donnees de controle collectees sont stoc- 
kEes comme partie des donnees de I'utilisateur 
du CD dans leurs mots de sous-code. 

25 

2. ProcEdE selon la revendication 1 , caractErisE en ce 
que cette partie de courant de bit qui ne peut pas 
etre combinEe avec le premier et second signal 
audio est aussi combinEe avec les donnEes de con- 

30 trole. 

3. Precede selon la revendication 2, caractErisE en ce 
que le format du signal audio a plusieurs canaux est 
de 3/2 ce qui signifie qu'il a un canal gauche (L) et 

35 un canal droit (R) et un canal central (C), de la m6- 
me maniere que les 2 canaux en relief (SR, SL) sur 
les cdtes. 

4. Precede selon les revendications 1 et 3, caractErisE 
40 en ce que le premier signal audio contient I'informa- 

tion du canal gauche (L) et le second signal audio 
contient I'information du canal droit (R). 

5. Un disque compact sur lequel I'information sous for- 
45 me digitale est constitute des Echantillons audio du 

canal gauche et du canal droit et des donnEes de 
I'utilisateur nEcessaires a I'equipement de repro- 
duction pour convertir les echantillons audio en un 
signal audio, caracterise en ce que 

so 

les echantillons audio du premier canal (L') sont 
constitues des Echantillons du premier canal 
(L) d'un son stErEo formE a partir d'un signal 
audio a plusieurs canaux (A 1 , A 2 ,...A n ), dans le- 
55 quel les Echantillons, ces bits qui sont en des- 

sous du seuil de masquage, ont EtE substituEs 
par les bits d'un signal audio a plusieurs canaux 
codEs en un courant de bit, 
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les echantillons audio du second canal (R') sont 
con st it u 6s des echantillons du second canal 
(R) d'un son sterEo fomnE a parti r d'un signal 
audio a plusieurs canaux (A-,, A 2 ,...A n ), dans le- 
quel les Echantillons, ces bits qui sont en des- s 
sous du seuil de masquage, ont 6X6 substitues 
par les bits d'un signal audio a plusieurs canaux 
codes en courant de bit, 
toutes les donnees de controle n6cessaires 
pour extraire les bits du courant de bit a partir 10 
des echantillons audio du premier et second 
canal (L* et R') et pour reconstruire le signal 
audio a plusieurs canaux d'origine, sont incor- 
porees dans le sous-codage des donnees de 
I'utilisateur. 15 

Un disque compact selon la revendication 5, carac- 
terise en ce que le sous-codage des donnees de 
I'utilisateur indue aussi cette portion de courant de 
donnees qu'il n'a pas 6X6 possible de placer en des- 20 
sous du seuil de masquage des Echantillons audio 
du premier canal (L) et du second canal (R). 
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